Introduction
This cruise report provides a summary of scientific activities aboard the SSV Corwith Cramer during cruise C-209 (13 Feb -22 Mar 07). The 2785 nautical mile cruise served as the second half of a 12-week, semester program with Sea Education Association (SEA), during which extensive oceanographic sampling was conducted for both student research projects (Table 1 ) and the ongoing SEA research program. Students examined physical, chemical, geological, biological, and environmental oceanographic characteristics in accordance with their written proposals and presented their results in a final poster session and papers (available upon request from SEA). The brief summary of data collected and results of student research projects contained in this report are not intended to represent final data interpretation and should not be excerpted or cited without written permission from SEA.
Favorable winds as we entered the Florida Straits off Key West allowed for a comprehensive introduction to the academic program (Table 2) ; students literally "learned the ropes" and became familiar with laboratory and deployment procedures. But, it is truly amazing how quickly wind and sea conditions change. A few days out, a passing cold front brought northerly winds while we sailed north in Gulf Stream between Florida and the Bahamas. Three knots of northerly flowing current met strong opposing winds, wave action increased and everyone was finally forced to earn their sea legs.
After traversing part of the deep Sargasso Sea, we arrived at Samana Bay, Domincan Republic where we had the opportunity to collect both surface and vertical profiles of temperature, salinity and nutrients for ECOMAR before dropping anchor for our first port stop. ECOMAR is a local Dominican organization that has recently collaborated with SEA to investigate the breeding and calving habitat of humpback whales.
We then continued the surface sampling efforts on Silver Bank during the first days following our departure from Samana. Silver Bank is truly magical. Although our visit to the Bank was plagued by persistent force 4 winds, we were welcomed by a pair of rather curious humpbacks that circled the Corwith Cramer, dove under her stern, and scratched their backs on the bobstay as two students were splayed on the bowsprit less than 10 feet above. Later that night, we were lulled to sleep as the distant singing of the humpbacks passed through the hull.
The final leg of our voyage, through the Yucatan Straits from Jamaica to Key West, was arduous at times, but an outstanding staff coupled with a group of enthusiastic and inquisitive students made C-209 a great success. Thank you.
Amy NS Siuda Chief Scientist, C-209 Table 1 . Student research projects, C-209.
Title Student Investigator(s)
Variability of Eighteen Degree Water in the Southern Sargasso Sea.
Donata Banyte C'pher Gresham
Vertical distribution of phytoplankton pigments from the Straights of Florida to the Sargasso Sea and the Caribbean Basin.
Emma Bishop
The relationship between inorganic nutrients and phytoplankton growth in the South Sargasso and North Caribbean Seas along the cruise track of the S.S.V Corwith Cramer.
Joseph Brown
An observational analysis of freshwater flow from the Yuna and Barracote Rivers and its impact on current, salinity and temperature of Samana Bay's estuarine environment.
Nicholas Cavanaugh
Impacts of microzooplankton grazing on phytoplankton population growth: off the coast of Key West, Florida, Samana, Dominican Republic and in the Sargasso Sea.
Maya Choy-Sutton
Grain size and sediment composition in Samana Bay, Dominican Republic.
Kara Culgin Kelsey Nickles
The distribution and concentration of pelagic and coastal pollutants in the Caribbean as they relate to currents and shipping lanes.
Colleen Detjens Jacqueline Perlow Amanda Rook
The distribution and health of Myctophid fish in subtropical and tropical faunal regions along the C-209 cruise track.
Abigail Dominy
The deep Sound Fixing and Ranging Channel. Sarah Jackson Melissa White
Quantification of intraspecific morphological variability in Chaetognatha of the Caribbean region.
Christopher Laumer
Chlorophyll a distribution and its limiting factors.
Victoria Leavitt Ryan Mahoney
Effect of water temperature and salinity on antennule length of Calanoid copepods.
Daniel Mancilla Cortez
The variation of mesopelagic biomass and biodiversity along the 209 cruise track of the S.S.V. Corwith Cramer. During the six-week voyage, we sampled at 91 discrete oceanographic sampling stations (Table 3) . A total of 53 surface sampling stations were conducted during the first two legs of the voyage (Table 4) . Additionally, we continuously sampled water depth and sub-bottom profiles (CHIRP system), upper ocean currents (ADCP, Figure 2 ), and sea surface temperature, salinity and in vivo fluorescence (seawater flow-through system, Figure 3 ). Discrete CTD measurements of vertical temperature and salinity profiles are presented in Figure 4 . Summaries of sea surface and water column chemical and biological properties are found in Tables 4-7 , while a summary of sediment grain size distribution is found in Table  8 . Lengthy CTD, CHIRP, ADCP and flow-through data are not fully presented here. All unpublished data can be made available by arrangement with the SEA data archivist (contact information, p. 2). 
Anna Studwell Michael Tillotson

Donata Banyte and C'pher Gresham
Median temperature, depth and thickness of eighteen degree water (EDW) were investigated using temperature observations from CTD casts deployed by SEA cruises from 1992 to 2007. The spreading boundaries of EDW were investigated in the Southern Sargasso Sea. It was found that EDW may protrude further to the south through the passages between Bahamas. In addition, research provided evidence that eighteen degree water may form in large quantities even when winter NAO indecies are strongly positive. -5.00 -4.00 -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00 4.00 5.00
Winter NAO Index
Thickness, m Figure 5 . The strongest correlation between the NAO index and thickness of EDW achieved when the time lag was 4 years.
Emma Bishop
Phytoplankton pigments contribute significantly to the light attenuation properties of seawater and the depths at which specific pigments have been found varies in the water column. This is likely due to their various functions, either as photosynthetic (PS) pigments or photoprotective (PP) pigments. Additionally, the 1% light level has often been shown to be the location of maximum chlorophyll a concentrations (the major photosynthetic pigment). Spectrophotometric analysis was performed on filtered whole water from eight stations along the C-209 cruise track from the Florida Straits, through the Sargasso Sea and into the Caribbean Basin. Water was collected from 11-13 depths at each station and the 1% light level was calculated for all but two stations. The water was analyzed for eight phytoplanktonic pigments, four PS and four PP. The total absorbance by PS pigments and PP pigments was calculated separately and the PS:PP ratio was calculated. This ratio was plotted with depth to create a PS:PP depth profile for each station. The 1% light level did not vary significantly along the cruise track, though the depth of the maximum PS:PP did vary significantly. The relationship between inorganic nutrients and phytoplankton growth in the South Sargasso and North Caribbean Seas along the cruise track of the S.S.V Corwith Cramer.
T. Joseph Brown
This study is an examination into the relationship between the inorganic nutrients in the water column and phytoplankton growth. Nutrient concentration is an important factor in determining the growth rate of phytoplankton. Nitrates, phosphates, silicates, and iron are the nutrients that have the greatest effect on this relationship. For this study six hydrocast were taken in the South Sargasso Sea and North Caribbean Sea. These samples were analyzed for nutrients and chl-a values. The nutrient values were compared to chl-a values to determine if there was a correlation between the two variables. The results suggested a stronger correlation between phosphate and silicate values and chl-a than nitrate values. This suggests that at the time of the study in the South Sargasso Sea and North Caribbean, phosphates and silicates were more significant factors in determining phytoplankton growth than nitrates. An observational analysis of freshwater flow from the Yuna and Barracote Rivers and its impact on current, salinity and temperature of Samana Bay's estuarine environment.
Nicholas Cavanaugh
Two major rivers, the Yuna River and the Barracote River, feed Samana Bay, serving as the largest semi-enclosed estuarine bay in the Caribbean. Warm, fresh water flowing from these rivers into the bay interacts with colder, higher salinity waters being forced into the bay by the Antilles current. This causes steep salinity and temperature gradients, as well as forces high resonance times and degrees of circulation within the bay. It was hypothesized that density and bathymetric driven currents would form as a result water mass interaction in the uniquely shallow bay, forming two gyres. Aboard the SSV Corwith Cramer during 24-25th of February, ADCP and flow through surface temperature and salinity data were collected within the Samana, as well as near the mouths of the Yuna and Barracote Rivers. The data displayed strong evidence in support of an Antilles forced gyre at the mouth of the bay, indicating gradual temperature and salinity gradients as well as currents characteristic of a the northern edge of a gyre. Current data collected at the head of the bay supports the hypothesis of an estuarine gyre, however without more comprehensive data, certainty is limited. Impacts of microzooplankton grazing on phytoplankton population growth: off the coast of Key West, Florida, Samana, Dominican Republic and in the Sargasso Sea.
Maya Choy-Sutton
Microzooplankton grazers play an important role in the transfer of biomass to higher trophic levels. The purpose of this study was to determine whether grazing rates were correlated to distance from land, and whether grazing rates were higher for smaller phytoplankton (<10 µm) than for larger phytoplankton (<200 µm). A total of four dilution experiments were conducted in four different locations: the Gulf Stream/Florida Straights, S. Sargasso Sea, Samana Bay, Dominican Republic and North of Navassa Island. The data from these four stations showed that grazing rates increased with proximity to land. Overall, grazing rates for phytoplankton smaller than 10 µm were up to 57% higher than those for all phytoplankton smaller than 200 µm at stations closer to shore. At stations farther from land microzooplankton grazing rates for phytoplankton smaller than 200 µm were higher than those for phytoplankton smaller than 10 µm by 20%-38%. Table 10 . Grazing rates and intrinsic growth rates for both phytoplankton <200 µm and phytoplankton <10 µm. Grazing rates here were the absolute value of the slopes created with the linear regressions in figures 2-5. were greater than those on phytoplankton less than 10µm. For Station 3 the grazing rate for all phytoplankton less than 200 µm was less than 10 µm. Overall, grazing rates were highest for Station 3, second highest for Station 2 and lowest for Station 1. For Station 4, (66.672 km from land) the grazing rates for all phytoplankton less than 200 µm were less than for phytoplankton less than 10 µm. For the linear regressions, Station 1 was not taken into account.
<200 µm <10 µm
Kara Culgin and Kelsey Nickles
We conducted a study of grain size and sediment composition in Samana Bay, Dominican Republic. We hypothesized that there would be a composition and grain size gradient within the bay. We expected the amount of carbonates to increase and the grain size to decrease with increasing distance from the head of the estuary. We further hypothesized that both the amount of carbonates and the grain sizes found would be greater outside than inside of Samana Bay. We collected 22 sediment samples along the east-west transect using the Shipek Sediment Grab and the Fisher Sediment Scoop. We analyzed each sample for composition using a reflectance spectrometer and for grain size using a series of sediment sieves. The results of our composition analysis support our hypothesis; showing that the amount of carbonate in each sample increase with decreasing longitude. However our analysis of grain size nullifies that aspect of our original hypothesis. In the bay grain size decreases with increasing longitude. Our comparative analysis between two samples support both of our original hypotheses in that the amount of carbonate is greater and grain size is larger outside of the bay. Linear (Granules and Pebbles) Figure 13 . The four categories of grain size plotted against longitude. Silts and muds, fine and course sands all followed a significant linear trend; however the relationship for granules and pebbles did not prove to be significant.
Colleen Detjens, Jacqueline Perlow and Amanda Rook Macroplastic, microplastic, and tar debris pose a serious threat to marine and coastal ecosystems. To expand the large body of SEA research regarding marine pollution, this study considers how proximity to shipping lanes and to areas of converging and eddying currents affect debris concentrations. It also compares coastal debris to pelagic debris. It was hypothesized that macroplastics would be of greater relative abundance in areas near major shipping lanes, as large amounts of new debris is discarded from commercial vessels. In addition, it was surmised that microplastics and tar would make up a greater proportion of total marine debris in areas where currents either converge or eddy, as currents carry and suspend a large amount of aged marine debris. Finally, it was assumed that coastal concentrations of all types of debris would be higher than pelagic concentrations due to the steady accumulation of pollution on beaches.
To investigate macroplastic and tar distribution, neuston nets were deployed twice daily along the C-209 cruise track. For microplastics, surface samples were drawn and filtered twice daily. In addition, macroplastic transects were sampled at three beaches and microplastics were filtered from sediment samples of these beaches. Data gathered suggests that Samana Bay and the Windward Passage had the highest relative abundance of macroplastics, while the Southern Sargasso and North Bahamas had the highest relative abundance of microplastics. In coastal areas, concentrations of macro and microplastics were higher than in the surrounding waters. No tar was found in any sampling. These results support using proximity to shipping lanes and eddying or converging currents as an indicator for macro and microplastic distribution and concentration, but are statistically insignificant. 
Abigail Dominy
Myctophid fish were captured and analyzed along the C-209 cruise track to determine health and distribution in relation to water masses. Myctophids are characterized by distinctive photophore patterns on their ventral and lateral sides. These bioluminescent photophores are thought to function in survival against predators. Of the twenty five specimens that were caught, eighteen were speciated using the Nafpaktitis (1977) and Smith (1977) dichotomous keys. This resulted in eleven species, all of which were weighed and measured to determine a general standard weight curve and the Fulton Condition Index. It is unclear why there was an unusually small sample size; however the findings of this research lend some support and confirmation to previously observed distribution patterns. The species Loweina rara was found outside of its previously observed range and it is speculated that some migration took place. No distinct trend in distribution in relation to water masses could be determined. Figure 15 . Standard weight curve.
The deep Sound Fixing and Ranging Channel.
Sarah Jackson and Melissa White
The objective of this research was to determine the depth (position in the water column) of the SOFAR channel within the water column along S.S.V. Corwith Cramer cruise track 209. A sound velocity profile for cruise track C-209 was created using data recorded by a Seabird CTD (Conductivity, Temperature, Depth). The temperature, salinity and pressure data derived from the CTD deployments then allowed for the calculation of underwater sound velocity using the Chen-Millero equation. Sound velocity profiles were compared in order to see the variations in the location of the SOFAR channel axis across the various regions that were traveled through on cruise track C-209. The depth of the minimum sound velocity was then defined, thus indicating the axis of the SOFAR channel. This information was finally compared to the thermal structure of the cruise track, more specifically the thermocline in order to determine whether or not a correlation existed. 
Christopher Laumer
Despite their abundance and ecological importance, chaetognaths remain among the most unstudied components of the marine planktonic realm. Particularly poorly understood is the question of intraspecific variability, which is remarkable given the noted environmental sensitivity of most chaetognath species. For this study, I used geometric morphometrics to observe and test for differences in the range and nature of intraspecific morphological variability in two unrelated species, Sagitta enflata and Krohnitta pacifica, from Silver Bank and Navidad Bank (Dominican Republic). In both qualitative and quantitative analysis of landmark data taken from the microphotograph images of the caudal segment, I find no evidence for a difference in the range of intraspecific variation between these two species. Additionally, these landmark data demonstrate that the most dominant component of total intraspecific variation occurs along the anteriorposterior axis. Such a study has never been undertaken before; it is my hope that these results may demonstrate the feasibility and value of quantitative investigations of chaetognath morphology. Chlorophyll a distribution and its limiting factors.
Victoria Leavitt and Ryan Mahoney
Water quality parameters (temperature, salinity, nitrate, phosphate, and chlorophyll a) were measured over a five week long period aboard the SSV Corwith Cramer. The cruise track (C209) encompassed areas between Key West, Florida and Port Antonio, Jamaica. Temperature, salinity, nitrate, and phosphate concentrations were analyzed for evidence of significant correlations between chlorophyll a and these parameters. Along the cruise track surface samples were taken via bucket. Open ocean stations were compared to inland stations in Samana Bay, Dominican Republic. As expected, higher levels of chlorophyll a were observed in Samana Bay compared to open ocean stations. In Samana Bay highest levels of chlorophyll a occurred simultaneously with high temperature and low salinity levels. Nutrients in the bay were found to have no significant effect on chlorophyll a. Open ocean stations yielded high levels of chlorophyll a with decreasing temperature and high nitrate concentrations. Phosphate concentrations and salinity showed no significant correlation with chlorophyll a levels in open ocean stations. Figure 21 . Chlorophyll a as a function of temperature for oceanic stations. X axis is temperature (degrees Celsius). Y axis is chlorophyll a (µg/L). Temperature ranged from 24.1 to 26.9 degrees, and chlorophyll a ranged from o to .181 µg/L. There was a significant negative relationship between chlorophyll a and temperature (p<0.05). Figure 20 . Chlorophyll a as a function of temperature in Samana Bay. X axis is temperature (degrees Celsius). Y axis is chlorophyll a (µg/L). Temperature ranges from 26.6-27.7degrees and chlorophyll a ranged from .034-.966 µg/L. There was a significant positive relationship between chlorophyll a and temperature (p<0.05).
Daniel Mancilla Cortez
Neuston net tows were used to collect copepods from the surface along the C209 cruise track from Key West to Key West. A total of 154 individuals were sampled from a total of 19 tows. Two measurements were taken for each individual: the length from the most anterior tip of the cephalothorax to the bottom of the urosome and to the tip of the antennule. The hypothesis being tested is that copepods found in denser water should have relatively shorter antennules, as their buoyancy will be relatively high and vice versa. A linear regression conducted between measurements of body length and antennule length showed a significant correlation in which antennule length increased with body length. A comparison between relative antennule length and body length showed a significant trend where relative antennule length decreases as body length increases. Relative antennule length was shown to increase with salinity, and decrease as temperature increased in male samples. Contrary to the initial hypothesis, the trend observed between antennule length and salinity and antennule length and temperature on male copepods indicates that denser water yields longer antennules. This suggests that it is more advantageous to have larger antennules in denser water, because a larger surface area is required to move through a denser medium. 
Anna Studwell and Michael Tillotson
The mesopelagic zone, located at depths between 200 and 1000 meters, is a vast, nearly lightless expanse known for an extremely low abundance of life. The goals of this study were to correlate the planktonic density of the mesopelagic zone in the Sargasso and Caribbean Seas to that of the planktonic density at the sea surface between February 13 and March 22, 2007, and secondly, to determine both planktonic and nektonic (>2cm) composition and distribution. A 2-meter mid water trawl (1000 µm mesh) was deployed to mesopelagic depths simultaneously with a neuston net at the surface at five different locations along the C-209 cruise track. Results indicated no significant correlation between mesopelagic and surface biomass. A linear connection may still be plausible provided that other variables such as moon phase and inconsistent sampling depth are taken into account. A Shannon-Weiner index indicated that surface sample zooplankton diversity varied by location, whereas mesopelagic zooplankton diversity changed little between stations. Mesopelagic nektonic diversity varied considerably and the nektonic faunal assemblage of the Caribbean Sea differed greatly from other locations having a very large quantity of mesopelagic fish. 
